Our research aimed at the removal of nitrate ions through adsorption by local clay. A series of batch experiments were conducted to examine the effects of contact time, adsorbent characteristics, initial concentration of nitrate, pH of the solution, concentration, and granulometry of adsorbent. Adsorption isotherms studies indicated that local clay satisfies Freundlich's model. The rate of reaction follows pseudo-second-order kinetics. Local clay successfully adsorbs nitrates at pH acid. The adsorption capacity under optimal conditions was found to be 5.1 mg/g. The adsorption yield increases with adsorbent dose and decrease with initial concentration of nitrate. The local clay was characterized by the X-ray fluorescence method (XRF), X-ray diffraction (XRD), Fourier transforminfrared spectroscopy (FTIR), scanning electronics microscopy (SEM), and measurement of specific surface area (BET). The results of the study indicated that local clay is useful materials for the removal of nitrates from aqueous solutions which can be used in water treatment without any chemical modification.
Introduction
Water resources are heavily polluted by several nitrogen compounds, such as nitrates, nitrites and ammonium. Agricultural, industrial and household wastewaters are the major sources of nitrates in the surface and ground waters [1] . Many investigations related the high nitrates concentration in water to the eutrophication in aquatic environment [2] . Excess nitrates in drinking water could potentially cause human health problems such as blue-baby syndrome in infants and stomach cancer in adults [3] . World Health Organization (WHO) recommended concentration limit in the drinking water as to not exceed 50 mg/L [4] .Therefore, numerous techniques for the removal of nitrates from water including adsorption, ion exchange, biological denitrification, chemical denitrification, electrodialysis and reverse osmosis, etc... [5] . Meanwhile, the adsorption is considered the most simple and efficient method [6, 7] .
The application of local adsorbent for adsorption or elimination of nitrates present in wastewater is the object of the present study because of numerous economic advantages [8, 9] . In fact, clays are abundant and they present excellent physicochemical stability and structural and surface properties [10] . Our investigations were focused on the following aspects: (1) adsorption behavior of nitrate using local clay, including isotherms studies and kinetics, in batch experiments; (2) the effect of contact time, adsorbent characteristics, initial concentration of nitrate, pH of solution, dose and granulometry of adsorbent on adsorption process.
Materials and Methods
. . Materials. The adsorption tests were carried out with greenish clay (A 1 ) rich in free silica (Quartz), found in large quantities in the northern region of Morocco. A synthetic solution of nitrate was prepared by dissolving 722 mg of potassium nitrate (KNO 3 ) in 1 L of distilled water. KNO 3 , chlorhydric acid (HCl), and Sodium hydroxide (NaOH) were purchased from Sigma-Aldrich. The Scientific World Journal to the method given byÔzcan et al. [11] . The energy spectrum allows the determination of the amount of elements based on their characteristic peaks. Thus, 1g of adsorbent was preliminary heated to 110 ∘ C for 24 hours to remove water contained in the sample and is then calcined at 1000 ∘ C for 5 min to transform it in its oxides, which will be evaluated by percentage weight. Analysis of the chemical compositions was achieved by Oxford MDX 1000.
. . . X-Ray Diffraction (XRD)
. XRD analysis is based on constructive interference of monochromatic X-rays and a crystalline sample. Powder diffractograms were measured on an X'Pert PRO Panalytical diffractometer ( Cu−K = 1.54060Å) equipped with an X'Celerator scintillation detector operating at 30 mA and 40 kV from 10 ∘ to 80 ∘ with a scanning rate of 2 ∘ .min −1 .
. . . Fourier Transform-Infrared Spectroscopy (FTIR).
The vibrational behaviour of the respective samples was examined by Fourier transform infrared spectroscopy, in the range 400-4000 cm −1 with resolution of 4 cm −1 , using FTIR spectrometer (Bruker Vertex 70). The samples were analysed in powder form (ATR technique).
. . . Scanning Electronic Microscopy (SEM). The Scanning
Electronic Microscopy is used to observe the texture of the clay sample and to characterize mineralogical assemblages. This analysis was carried out by Scanning Electronic Microscope, equipped with a probe EDAX, model QUANTA 200. The samples were analysed in pellet form.
. . . Measurement of the Specific Surface Area. In this work the measurement of the specific surface of the adsorbent A 1 is very important to know the sites available for nitrate adsorption. The specific surface area was measured by the Brunauer-Emmett-Teller (BET) using AUTOSORB-1 system.
. . . Laser Granulometric Analysis. The laser granulometric analysis (Beckman Coulter LS) of adsorbent A 1 has been determined by Fraunhofer method.
. . Dosage of Nitrate. In this work, we used the spectrometric method (UV-visible photolab 6600 spectrophotometer). In the presence of sodium salicylate, the nitrates give sodium paranitrosalicylate, colored yellow and able to be determinate by spectrophotometer.
. . Adsorption Capacity. The choice of an adsorbent is based on its adsorption capacity expressed generally in mg pollutant/g adsorbent, itself related to the size of the specific surface and the total pore volume [12, 13] . To study the adsorption capacity of nitrate ions on the adsorbent A 1 , 0.4 g of the adsorbent is introduced in 20 mL of a solution of nitrates (concentration of 100 mg/L), which corresponds to an initial charge of adsorbent of 20 g/L. Then, the mixture was stirred for 2 h on a magnetic stirrer (type SI Analytics GmbH) with the speed of 200 rpm at a temperature of 25 ∘ C before to be filtered through at 0.45 m filter membrane for analysis. The residual concentration of each sample allows determining the quantity of fixed nitrate ions per gram of adsorbent according to
where, q t is the amount of adsorbed ions per unit adsorbent at instant t (mg/g), m is the mass of adsorbent used (g), C 0 represents the initial concentration of nitrate ion in solution (mg/L), C t is the concentration of nitrate ion in solution at instant t (mg/L) and V is the volume of solution used (L). It is also possible to evaluate the quantity adsorbed by the adsorption yield given by
where C 0 and C t are the concentrations of nitrate at initial condition and at any time, respectively.
. . Adsorption Kinetics. The adsorption kinetics reflects the evolution of the adsorption process as a function of time, this is a key parameter considered when selecting an adsorbent [14] . Rapid adsorption is recommended for treatment methods using adsorption as a purification process [15] . Several models describing the diffusion of solutes at the surface and in the pores of the particles have been developed (film distribution model, intraparticulate diffusion model, diffusion model extra-particulate, pore diffusion model, etc.) [16] . However, in the case of nitrates, simplified models such as pseudo-first-order kinetics and pseudo-second-order kinetics were popular.
. . . Pseudo First-Order Model. Lagergren showed that the adsorption rate of aqueous solution on the adsorbent is based on the adsorption capacity and following a first-order equation [17] . The nonlinear form of the first-order equation is given by
where q t (mg.g −1 ) is the adsorption capacity at time t, q e (mg.g −1 ) is the equilibrium adsorption capacity, and k 1 (min −1 ) is the first-order constant. After integration and application of the initial condition of q = 0 at t = 0, the equation takes the following form:
. . . Pseudo Second-Order Model. The expression of the second-order was used to describe the kinetics of the adsorption processes. The pseudo second-order kinetic model equation is expressed as follows:
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is the rate constant of the pseudo second order.
The integration of this equation to t = 0 and q t = 0 takes the linear form
. . Adsorption Isotherms. The adsorption isotherms are used to study the adsorption mechanisms. An adsorption isotherm describes the equilibrium at a given temperature between the adsorbed solute concentration and the unadsorbed concentration [18] . However, the literature shows that authors pay less attention to the type of isotherm obtained; they focus more on the mathematical model that translates the experimental results. Thus, two models are widely used: the Langmuir model (7) and the Freundlich model (8):
q e = K f .Ce
where q e (mg/g) is an adsorbed amount at equilibrium; C e (mg/L) is a concentration at equilibrium; q m (mg/g) is a maximum adsorption capacity of the monolayer; K f and n are the parameters of Freundlich; b is the parameter of Langmuir. The Langmuir model assumes that (1) the adsorption is monolayer, (2) it is reversible, (3) each site can adsorb only one ion, and (4) there is no interaction between the ions with adsorbent. The Freundlich model suggests that binding energy decreases exponentially with increasing surface saturation. This model is widely used, although it is empirical. It gives an indication of surface heterogeneity [19] .
. . . Freundlich Isotherm. The linear form of the equation of Freundlich can be written in logarithmic form according to the following relation:
where K F and 1/n are the constants of Freundlich connected to the adsorption capacity and the intensity of adsorption of the adsorbent, respectively.
. . . Langmuir Isotherm. By applying the Langmuir hypothesis, it can be concluded that in the case of a large quantity of adsorbed solute, the parameter b, C e becomes considerably greater than 1. This implies that q tends to q m [20] . The linear form of the Langmuir equation is
. . . . e pH Effect. The pH is an important parameter to be considered in sorption processes because it may affect both the properties of the adsorbent and the composition of the solution [21] .The study of the pH effect on the adsorption of nitrate ions was carried out by varying the pH from 2 to 9 with an initial concentration of NO Table 1 shows the material analyses results by X-ay fluorescence spectrometry.
The analyses carried out on the investigated adsorbent (Table 1) show that the mass ratio SiO 2 /Al 2 O 3 is 4.24. This high value suggests the presence of a large amount of free silica (Quartz). A 1 showed 7. 80 % of loss-on-ignition (LOI) may be due to the dehydroxylation of the clay and removal of its organic and carbonate compounds.
. . . X-Ray Diffraction Analysis. A mineralogical analysis of the raw sample of adsorbent A 1 was achieved by X-ray diffraction in order to identify the main adsorbent minerals. The diffractogram of the adsorbent sample A 1 (Figure 1 [23] . We displayed in Table 3 features of the present adsorbent compared to those of some other adsorbents reported in the literature.
. . . Laser Granulometric Analysis. The particle size, shape and distribution have been reported to be a very important property in determining the industrial uses of clays [27] . 
. . . Scanning Electron Microscopy (SEM).
The images obtained by scanning electron microscopy of the adsorbent sample with three different magnifications are shown in Figure 4 . The image of the local clayA 1 indicates that the adsorbent particles are in the form of platelets in the pace of leaves with irregular contours [28, 29] . This is a morphology encountered both for Kaolinites poorly crystallized only for Illites as observed by Konan et al. [30] .
. . Adsorption Kinetics . . . Contact Time. The capacity adsorption of nitrate ions solution 100 mg/L on an adsorbent dose 20 g/L was followed as a function of time (h).The results presented in Figure 5 show that the adsorption capacity of the nitrate ions increases with contact time and reaches a maximum value at 2 h. After 2 h, the adsorption capacity decreases. This decrease can be explained by the saturation of the free adsorbent sites and may be due to an adsorbate release. According to the Freundlich hypothesis, the binding energy decreases exponentially with increasing surface saturation [31] . . . . Pseudo Second-Order Model. The Figure 7 shows the adsorption kinetics of the nitrate ions on the adsorbent A 1 according to the pseudo-second-order kinetic model. The linear equation is presented by (6) . Table 4 indicates that the adsorption kinetics of nitrate ions onto the adsorbent A 1 is better described by the pseudo second-order model. The correlation coefficient is close to unity (R 2 = 0.952), and the value of q e calculated by the pseudo second-order model is very similar to that determined experimentally.
. . Adsorption Isotherms. The adsorption isotherms of nitrate ions onto the adsorbent A 1 is studied by the representation of the equilibrium adsorption capacity variation q e (mg/g) as a function of the equilibrium concentration of nitrate (mg/L), according to the Freundlich and Langmuir models, represented by Figures 8 and 9 respectively. The obtained results are grouped in Table 5 . From the results shown in Table 5 , it can be said that the adsorption of nitrate ions on the adsorbent A 1 is best described by the Freundlich model (correlation factor close to the unit R 2 = 0.99). According to Freundlich hypotheses, the adsorption energy of nitrate ions on the adsorbent A 1 decreases exponentially with increasing surface saturation and the surface of the adsorbent is heterogeneous [32, 33] . Figure 10 . Figure 10 shows that the adsorption efficiency increases with increasing the adsorbent dose. This can be explained by the increase in the number of active adsorption sites, and the availability of the adsorption sites increases the adsorption capacity. The adsorption yields vary from 16 to 35% and better adsorption efficiency of 35% is observed for a concentration of adsorbent A 1 at 40 g/L. Figure 11 shows the results of the yield and adsorption capacity as a function of the initial concentration of the nitrate ions.
The adsorption efficiency evolution as a function of the initial concentration of NO − 3 follows a decreasing curve and thus the highest yields are observed for the lowest initial NO − 3 concentrations. Indeed, the highest adsorption yield of nitrate ions (32%) is observed for an initial concentration of NO − 3 in the solution equal to 50 mg/L. This yield decreases from 32% to 14% by varying the initial concentration of nitrate ions from 50 to 200 mg/L. That is, the adsorption capacity increases from 0.8 mg/g to 1.35 mg/g. . . . pH Effect. The pH effect on the adsorption of nitrate ions was investigated by carrying out adsorption tests over a pH range from 2 to 9. The results are shown in Figure 12 .
The pH of the solution is a very important parameter in the study of the adsorption of nitrate ions by clay. Figure 12 shows the variation of the adsorption capacity of NO competition between the hydroxyl ions and anions. When pH of the solution increases, the surface becomes negatively charged and the adsorption capacity for nitrate decreases, because negatively charged surface sites on the adsorbent did not favor nitrate due to the electrostatic repulsion [34, 35] .
. . . Adsorbent Granulometry Effect. The effect of the particle size distribution on the adsorption of nitrate is represented by Figure 13 . The results show that the particle size of the adsorbent A 1 influences the adsorption capacity of the nitrate ions. The adsorption capacity reaches a maximum value for a granulometry of the adsorbent of d <110 m. This can be explained by the increase of the specific adsorption sites [36] .
Conclusions
This study investigated the adsorption characteristics of local clayA 1 as a potential adsorbent for the removal of nitrate from aqueous solutions using batch system. The experimental parameters were very important in order to understand the mechanism of adsorption of nitrate ions, such
The Scientific World Journal as the initial nitrate ion concentration, adsorbent dose, pH, and particle size. The results showed that the adsorption efficiency increased with the adsorbent dose and decreases with the initial concentration. The pH optimum for nitrate ions adsorption onto the adsorbent A 1 is between 2 and 4. The adsorption capacity reaches a maximum value for the adsorbent granulometry from d <110 m. Adsorption equilibrium applied by Langmuir and Freundlich allowed us to conclude that Freundlich's model shows the best correlation. The adsorption kinetics of nitrate ions on the adsorbent A 1 is better described by the pseudo second-order model. The choice of this clay presents the opportunity to benefit from this cheap material found in nature with significant quantities.
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